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[57] ABSTRACT 

A Medium Access (MAC) Protocol is utilized for wire- 
less radio access for a plurality of remote stations to a 
base station on a LAN. There is a time division fixed 
frame structure in which time is slotted, and time slots 
are grouped into fixed frames consisting of data and 
control subframes or periods. The fixed frame structure 
consists of three periods (A, B, and C) along with their 
respective headers. The first period, the A period, is 
used exclusively for data transfer from the base station 
to the remote stations. The following period, the B 
period, is used for contention-free data transfer from the 
remote stations to the base station. The allocation of the 
data slots in the A and B periods is performed by the 
base station. The last period of the frame, designated as 
the C period, is used for the transmission of reservation 
requests and data from the remote stations to the base 
station in a random-access contention mode using a 
slotted Aloha protocol. The duration of the three peri- 
ods may be varied using a movable boundary technique. 
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describes a proposal for a MAC protocol based on a 

^ A ^^^S^^^^^ OL reservation scheme for user data traffic and a contention 

SCHEME FOR WIRELESS LAN scheme for making reservations. 

pTpT n nT7 top rxrvTJMxrriM « According to the present invention, an adaptive and 

FIELD OF THE INVENTION 5 efficient Medium Access Control (MAC) protocol for 

This invention relates generally to data communica- wireless access in a local area environment is capable of 

tions utilizing Local Area Networks (LAN.) More spe- supporting- both bursty data traffic and synchronous 

cifically, this invention is directed to a Medium Access services such as voice and video. A packet-switched 

Control (MAC) protocol for wireless access in a LAN. ^ architecture is utilized in which several mobile remote 

BACKGROUND OF THE INVENTION stations within a given cell (small cells covering a range 

of a few hundred meters) communicate with a base 

The need for personal wireless communications is station using radio channels, which can be connected to 

expanding rapidly with the advances in digital commu- a feed local area network. Remote stations can operate 

mcations and personal commumcatioiis systems. The both mdoor md outdoor ^ a Jl m 

£^^1^ 1^° techn f oI °^ ^ owth 15 wireless access to the base stations on the backbone 

rateof the cellukr telephone systeins over 4helast years network . As ^ j ^ of 

is uidicative of tremendous market demand for location ^ mdustrial ^ e ' J^^SSSS 
independent communication via wireless access. Many • c nA , *~ 7-j j ' „ ? „ a 
of the current wireless networks architectures are pri- ^Jt^^^^ mt0 **■ ^ *"»■» 
marily designed and optimized for voice coimnunica- 20 via some backbone network such as wired 
tions and wide area coverage. With the proliferation of LAN ' VJ* addresses the intra-cell multiac- 
personal and portable computers, and local area net- ^ P roWem - basic problem here is how to coordi- 
works, it is envisioned that data services and applica- nate the wireless channel bandwidth which is shared by 
tions such as file server access, client-server execution, ^ mobile stations within a cell in a fair, flexible de- 
and electronic mail will require wireless access in the 25 mand-driven manner and achieve a high throughput 
LAN environment supporting distributed computing. DISCLOSURE OF THE INVENTION 
Since the characteristics and profile of data traffic are ur Ant 1IN vlaW iiUN 
very different from those of voice traffic, the wireless , A Medium Access Control (MAC) Protocol for 
access protocol must efficiently accommodate the very wireless radio access for a plurality of remote stations to 
dynamic and bursty nature of data traffic. 30 a base station on a LAN is disclosed. The MAC proto- 
U.S. Pat No. 4,907,224 to Scoles et al discloses a col is based on a reservation scheme for user data traffic 
method for transmitting data in packet switching net- and a random access technique for control and signal- 
works which provides a Collision-Eliminating Multiple ling traffic. There is a time division fixed frame strac- 
Access protocol in which nodes desiring to transmit ture in which time is slotted, and time slots are grouped 
over the network channel transmit reservation requests 35 into fixed frames consisting of data and control sub- 
during a plurality of contention slots, the number of frames or periods. The fixed frame structure consists of 
contention slots being dynamically controlled accord- three periods (A, B, and C) along with their respective 
ing to network load. The node designated to next obtain headers. The first period, the A period, is the outbound 
control of the channel receives the identifiers of nodes channel which is used exclusively for data transfer from 
transmitbiig reservation requests and, prior to transmit- 40 the base station to the remote stations. The following 
ting apphcatton oata, fransmrts network control data period , ^ B periodj h ^ mbound channel ^ fc * 
consisting of *e identifiers of nodes from whom reser- for ^^0^ ^ irom the remot VX 
V ^ WCre """^y ™?f ^ trans- tions to ^ base station . ^ ^J^S£» 
mitted identifiers are received and stored by each node in tht > A a _ j p „ . - . "Lt™^ rr ?u \T 
inan identical queue whereby subsequent control of the 45 m^SXf^^ .V 
channel is rotated based on the order of node identifiers SJ^^i?-!5S ^ " ° F™* 
appearing on each node. The transmitted network con- control channel used for the transmission of reser- 

trol data includes reservation requests received during a ™ d0 * ***** from *** ^ emote 5411110118 to the 

previous contention slot period, queue correction infer- ^ on l m a ^om-access contention mode using a 

mation, and the identifiers of nodes from which the 50 slotted A T h * V^oed The duration of the three peri- 
controlling node expects to receive data. ods oe vaned a movable boundary technique. 

U.S. Pat. No. 5,123,029 to Bantz et al which is as- The base station estimates the number of actively trans- 
signed to the assignee of this invention, discloses a hy- flirting remote stations utilizing feedback information 
brid controlled access and random access scheme using from remote stations. This estimate is broadcast to 
frequency hopping spread spectrum communication 55 ^ remote stations as control indica to control their 
techniques implemented in an indoor digital data radio transmission attempts in the C period, thus yielding high 
communication system between mobile stations and a tra nsmi s si on efficiency. 

computer system. A hop in the frequency hopping BRIEF DESCRIPTION OF TKP nPAWTwrc 
spread spectrum communication system is subdivided UK&UUFITON OF THE DRAWINGS 

into two intervals so that different media-access proto- 60 FIG. 1 is a pictorial diagram showing an indoor radio 
cols can be used in each interval. The protocol uses a digital data communication system of the type in which 
centralized control scheme in one interval and a decen- the invention is implemented; 
tralized scheme in the other, interval; and the intervals FIG. 1 A is a block diagram of the system shown in 
may be varied depending on the load of the system. U.S. FIG. 1 illustrating the basic components of a mobile 
Pat. No. 5,123,029 is incorporated herein by reference. 65 station and a base station; 

L. G. Roberts, "Dynamic Allocation of satellite capac- FIG. 2 is a block diagram of the radio system used in 
ity through packet reservation", Nat Comput Conf. the implementation of a preferred embodiment of the 
AFTPS Conf. Proc. Vol. 42, pp. 711-716, June 1973, invention; 
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FIG. 3 is a diagram of the frame structure of the Referring now to the drawings, and more particu- 
MAC protocol according to the invention; larly to FIG. 1, there is shown an indoor radio system 

FIG. 4 is a flow chart of the logic followed by a base allowing communication between a plurality of mobile 
station in the MAC protocol of the invention; stations 10, 12, 14, and 16 and applications and data 

FIG. 5 is a flow chart of the logic followed by a 5 residing in a computing system. The computing system 
remote station in the MAC protocol of the invention; typically includes a Wireless Network Manager 

FIG. 6 is a flow chart for computing the number of (WNM) or Wireless Network Controller 18, with at- 
outstanding packets for period A of the MAC protocol; tached monitor 20 and keyboard 22, of a local area 

FIG. 7 is a flow chart for computing the number of network (LAN), generally indicated by reference nu- 
outstanding packets for period B of the MAC protocol; 10 meral 24, having a plurality of attached workstations or 

FIG. 8 is a flow chart for computing the length of personal computers (not shown for simplicity). Also 
periods A, B and C of the MAC protocol; attached to the LAN are one or more gateways 26 and 

FIG. 9 is a flow chart of a method of estimating the 28 with which the mobile stations 10, 12, 14, and 16 
number of remote stations that are attempting to trans- communicate. These gateways, referred to as base sta- 
mit during the period C of the MAC protocol; 15 ^ons, are augmented according to the invention to pro- 

FIG. 10 is a detailed flow chart of block 208 of the ^ Q certain radio system management functions which 
flow chart of FIG. 9; and coordinate the mobile stations* access to the common 

FIGS. 11 and 12 are each schematic diagrams of a radio channel. Communications between mobile sta- 
Bernoulli random variable generator as used in the prac- tions ^ su PP° ned ™ rela y through the base stations 26 
tice of the invention. 20 and 28. 

As shown in more detail in FIG. 1A, a base station 26 
DESCRIPTION OF THE PREFERRED or 28, which may be a conventional microcomputer, has 

EMBODIMENT a LAN adapter 30 inserted in a bus slot and connected 

A MAC protocol is described that is based on a reser- to LAN . cablin S 32 - The WNM 18, typically is also a 
vation scheme for user data traffic and a random access 25 conventional microcomputer and includes one or more 
technique for the control and signaling traffic. The direct access storage devices (DASDs) such as hard 
proposed scheme is based on a time division frame ^ (n ?! . shown >- WNM 18 also has a LAN 
structure. Time is slotted, and time slots are grouped ^ pter m a bus the LAN ada P** is 

into fixed frames consisting of data and control sub- , n a ^J 1 " 5 L ^ adapters 30 

frames. The data channel is also divided into two seg- 30 °? 2 ~ * LAN 

ments one for the inbound (remote stations to base sta- S ° ftwar " ^tute the LAN 24 The LAN 24 is of 
tion) and the other for the outbound (base station to ^venfconal design and does not formpart of the inven- 
remote) transmissions. The motivation for using the StSJ^i?^ °T f *° ^J" ?* 

reservation scheme for data transmission is described 35 S£ SSStU T* T ? t "? ^ - 
below 35 which is inserted m a bus slot of the base station. The 

The nature of user traffic could be very bursty, un- t ^ sc&i \ tx ada P ter ^eludes aspread spectrum trans. 

1a- \Ti a VTi r~~. *T T* y ourM y» ™ ceiver of conventional design. The transceiver adapter 
predtctable and highly correlated, therefore, reserving 38 by Xh a radio ^40 be£? 

bandwidth on demand would accommodate a superior ^ ^ one or mo * remote or mobile ^£JS 
grade of service and performance. Since radio channel 40 u 14> or 16 . ^ mobfle statk)n . 
have a higher error rate than a typical wired channel, it neld or u to computer of conventional design wk£ 
is nectary to transmit small packets over wireless m ^ & ^ on % provided ^ m ^ 
link. Therefore a user data message must be fragmented a ^wer adapter 44. The transceiver adapter ^is 
into small packets for the wireless link. This implies that ^ implemented as a printed circuit card which 
a single user message or request may result m a group of 45 inserted in a bus slot of the computer. The transceiver 
wireless packets that need to be transmitted with a mini- adapter 44, like transceiver adapter 36, includes a spread 
mi J° J; , J spectrum transceiver of similar design. The base station 

Stream^ike traffic such as voice and video require ^ ^ mo bile stations are further provided with soft- 
guaranteed bandwidth Jot ^synchronous transmission. ware, generally indicated by reference numerals 46 and 

The invention includes the following features 50 48, respectively, which support their respective trans- 

1. A random access control channel which is used for ceiver adapters, 

reservation requests and a demand-driven reserva- FIG. 2 shows the radio system common to both the 
tion-based data channel, one for inbound and one mobile stations and the base stations of FIG. 1. The 
for outbound. radio system includes a transceiver adapter 36 or 44 

2. A unified scheme for support of bursty interactive 55 connected to the computer 50 via the computer's bus 
data and stream like synchronous traffic. interface 52. The transceiver section is itself divided 

3. Small contention slots to accommodate more users into an RF transceiver 54 (which may be a commer- 
and achieve higher throughput. dally available spread spectrum transceiver), and a 

4. A technique for flexibly and dynamically adjusting dedicated microprocessor system 56 which controls the 
frame boundaries between control and data chan- 60 transceiver via an interface 58. The microprocessor 
nels as well as between inbound and outbound system 56 further includes a system interface 60 which 
channels to achieve maximum throughput interfaces the transceiver section to the computer sec- 

5. An adaptive state-dependent random-access trans- tion 50. The microprocessor system includes a dedi- 
mission scheme for the control channel to achieve cated microprocessor 62 containing high-resolution 
maximum throughput using a real-time estimation 65 time interval determination hardware or "timers" typi- 
technique. cal of real-time microprocessor systems. 

6. A simple Bernoulli random variable generator that Microprocessor 62 is connected by a memory bus 64 
is computationally efficient. to program storage 66 and data storage 68 as well as to 
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interfaces 58 and 60 providing attachment to bus inter- wastage is minimized in the invention by making the C 

face 52 and RF transceiver 54, respectively. Program slots small. 

storage 66 is typically read only memory (ROM), while Each period has a header section in which it carries 

data storage 68 is static or dynamic random access access control information as is shown in FIG. 3. The A 

memory (SRAM or DRAM). Packets received or to be 5 header is the time interval dining which the base station 

sent are held in data storage 68 and communicated to or broadcasts a message to all of the remote stations that 

from the RF transceiver 54 via interface 58 under con- signals the beginning of the A period. This header also 

trol of serial channels and a direct memory access contains the length of the A period, the outbound slot 

(DMA) controller (not shown) which is part of the allocation schedule and control information for the 

microprocessor 62. The function of these serial channels 1° physical layer. 

is to encapsulate data and control information in an The B header is the time interval during which the 
HDLC (high-level data link control) packet structure base station broadcasts a message signalling the end of 
and provide the packet in serial form to the RF trans- ^ e A period and the beginning of B period. It also 
ceiver 54. For more information on the HDLC packet contains the length of the B period and additional con- 
structure, see, for example, Mischa Schwartz, Telecom- 15 f rol information. In particular, a slot allocation schedule 
munication Networks: Protocols, Modeling and Analysis, ® specified in the B header so that each remote station 
Addison-Wesley (1988). will know when to transmit in the B period. 

When a packet is received through the RF trans- Similar to the A and B headers, the C header signals 

ceiver 54, the serial channels check the packet destina- the . end of the B P^od and the beginning of the C 

tion address, check for errors, and deserialize the packet 20 P 6 ™* 1 - The C header also contains the length of the C 

to data storage 68. The serial channels must have the P*"* 1 .™ d other control information concerning the 

capability to recognize a specific adapter address as Probability of transmission that will be used by the 

well as a broadcast address. Specific microprocessors remote stations for th e C period of the frame. In the C 

with appropriate serial channel and timer facilities in- V*™** any remote station may contend for the channel 

elude the Motorola 68302 and the National HPC46400E 25 ?° d a message without an explicit allocation 

microprocessors m base smion - contention scheme is based 

The computer 50 runs an operating system 70 which on " lotte f Moh * protoco1 such each of 

supports one or more user application programs 72. The nttmber . of f m ? te sta *°f f"empts to transmit in a 

operating system 70 may include a communications - *™* jK" . a C sl *> ^ *** probabiUty p. 

manager 74, or the communications manager 74 may 30 ^/tochastic decision to transmit or not is made mde- 

itself be an application program installed on the com* "T^" T* 7* 

puter. In eitheV case, the communications manager 74 " £fS^& ' ^ *S 

controls a device driver 76 via the operating system 70. ^^^SS^SSS^" ?^ SmiSSl0n ; If 

~« , , . _^ . ^ r • r more than one station attempts transmission in a slot. 

The dey.ee driver 76 m ton, communicates wrth the 35 ±ea ^ ^^^^ wMde, and each station wiU 

transceiver adapter 36 or 44 via bus interface 52. ^ to retransmit m the next c ^ twith ^ 

Protocol System Description bili ty P- The value of this probability is adaptive and it 

— _ t . - . . , may be changed from one frame to another by the base 

The fi»d I frame structure consists of three periods station , ^ %^ on for ^ ^ ^ 

(A, B, and C) along with men- respective headers as » 40 value * described later. As mentioned above, the ba£ 

shown in FIG. 3 The first penod, designated as the A station Morms (usin ^ c header) ^ of ^ remote 

period is the f outbound channel which is used exclu- stations about the new value of pat 4 beginning of the 

sively for data transfer from the base station to the c period . since collisions cannot be deSte? « ac- 

remotestadons. The foUowmg penod, designated as the knowledgement message is used to signify the correct 

B penod, is the mbound channel that is used for conten- 45 rece tion of a ket all jacket transmis- 

tton-free datatransfer from the remote stations to the dons must be acknowledged either individually or as a 

base station. The allocation of the data slots m the A and group 

B period is performed by the base station. The last period C is used for the following types of informa- 

penod of the frame, designated as the C penod, is the tion 

control channel used for the transmission of reservation 50 1. Registration requests that enable remote stations to 

requests and data from the remote stations to the base identify themselves and request the services of the 

station in a random-access mode using a slotted Aloha base station. 

protocol. A finite number of remote stations contend on 2. Requests for transmission time in the B period 
the control channel to make requests for a number of The transmission time requests can be either for syn- 
slots (corresponding to one user message) on the out- 55 chronous or asynchronous services. Here, by synchro- 
bound or inbound data channel. The slot sizes in the A nous service is implied establishment of a connection 
and B penods are equal and each accommodates one that requires guaranteed bandwidth for a sustained per- 
wireless data packet The slots in the C period are typi- i 0 d of time. When a remote station transmits a reserva- 
cally much smaller and are referred to as mini-slots. tion request, it identifies the type of service it requires 
Each such mini-slot accommodates one control packet. 60 plus the number of slots for asynchronous service or the 
The use of mini-slots for the control channel yields bandwidth for the synchronous service. The base sta- 
higher efficiency both in terms of the number of users tion schedules the allocation of slots and transmits the 
that can be supported and bandwidth utilization, than if map of the schedule to each remote station. For the 
full sized slots were used. This is because the contention asynchronous traffic, slots are allocated in each frame 
channel achieves a throughput of about 37% in slotted 65 for the duration of the connection. These slots can be 
Aloha (Le., a wastage of 63%) whereas the A and B positioned anywhere within a frame. For the synchro- 
periods always have 100% utilization. Thus, the only nous traffic, slots are reserved in the first available 
bandwidth wastage occurs in the control channel so frame, and in the following frames, for the requested 



03/13/2004, EAST version: 1.4.1 



5,384,777 

7 8 

allocation. The reservation requests can also be piggy. At the end of the A period, the timer elapses and the 

backed on the first data packet in order to reduce con- remote station receives the B period header at block 

tention on the control channel. The base station ensures 123. It extracts TB, the length of the B period and sets 

the scheduling of all received requests. a timer for duration TB. If a remote station has slots 

Operation at the Base Station 5 fi^ te &^^ 

An overview of the logic followed by a base station is At the end of the B period, the timer elapses and the 

shown in FIG. 4. When the base station is powered on, remote station receives the C period header at block 

it executes an initialization procedure at block 100. 125. It extracts TC, the length of the C period and sets 

At the beginning of a frame, as shown at block 101, 10 a timer for duration TC. It also learns about K and 

the base station may have packets for outbound trans- computes p=l/K, the probability for transmission in a 

mission to a set of remote stations. If there is no out- C period slot In the C period, the remote station fol- 

bound data, then parameter TA is set to 0. If outbound !<>ws the slotted Aloha protocol for transmitting to the 

packets are to be transmitted to a remote station V, then oase station in a contention mode. When the timer elap- 

the A period header at block 102 will include <V- 15 ses > the current frame is finished and the remote station 

,Out(V)>, where Out(V) is the number of packets that returns to the step of listening for the A period header 

V will receive in the current frame. TA is set equal to of the next frame at block 121. 

the total number of outbound packets that will be trans- T^ nn ■ , AAinetmmM Xj[ J 

mitted in the current frame. The base station then trans- Boundary Adjustment Method 

mits to remote stations in a reservation mode at block 20 ^ adaptive method is used to adjust the lengths of 

103. the three periods, A, B, and C, of the protocol so as to 

At the beginning of each frame, the base station may ra Pidly adapt the sizes of the three periods of the frame 

have a set of pending bandwidth reservation requests according to changes in the traffic conditions. The 

for inbound data transfer (from remote stations to the lengths of the three periods are computed by the base 

base station). If the set of pending requests is empty, 25 station at beginning of the frame and transmitted to 

then parameter TB (block 101) is set to 0. Otherwise, ^ ^ remote . stations in the A period header. The 

the base station attempts to grant as many of the reser- ^ngths of periods B and C are also included in the 

vation requests as is possible. If remote station V is ?* eaders ? f respective periods transmitted by the 

granted In(V) slots in the current frame, then the B ™e station. The choices are designed to achieve a 

period header is transmitted at block 104 and will in- 30 de ^ bl e throughput in each of the three periods, 

elude <V,In(V)>. TB is set equal to the total number u \ ™ee main goals of the method are described 

of inbound slots that have been allocated. At block 105, ^ c-* Pnon ^ * ? ven t0 outbound traffic (period 

remote stations transmit to a base station in a reserva- <" Ce ^ ffic * S enerated by reservation requests 

tion mode originating from the remote stations, by giving priority 

At the beginning of the C period, the base station 35 outstandin S can be 

transmits at block 106 the current estimate K of the Sf^h^H^tK 0 ^ reques ^ ente J * e A 
number of active remote stations as well as TC, the S^^Z? * TT* ta 
length of the C period. When remote stations transmit at ^™»- ^ ^T^TL ? ** mb0Und 

block 107 usinfthe slotted Aloha protocol in the C 40 fiSL^*^^ 

period, the base station obtains control information 40 JS ^SSSf-H ?t* ™ d t ?? 0 ™*<* ™n- 
from the header of each packet that is successfully re- EiJ^S * * n ™ rem0te 

ceived. TTiis control information is a single bit called a J£c S t JSV? 5 ' * * *°* 

retry bit, which indicates whether or not the packet has "Xf J2£i ^ 

been retried. That is, has the packet been retransmitted 45 s Jt wS i^lT^ ^ C ° n ' 

attempt The retry bit is used by an estunation proce- periods are of the same size and that the ratic > of these 
dure m block 108 that is run in the base station to revise regularized slots to the wU^Jt^C^^ 
its estimate of K. The method used to estimate K is ri TA+TB+Tr/R -tf^L^ta to a 
describe in detail in a later section. At the conclusion 50 TC ^iSSgffi 2 2to£ 
of the C penod the station returns to to steps of respectively, and where TF is the frame sb* divi^dby 
computing the lengths of the three intervals for the next the size of an A or B slot. y 
frame at block 101. The method described is a centralized scheme that is 

Operation at the Remote Station run at base station. The base station computes the 

. . ... . . . „ .. 55 lengths of the periods based on the queue lengths (traf- 

An overview of the logic Mowed by a remote sta- fic waiting to be transmitted in the period) forthe peri- 
tion is shown in FIG. 5. When the remote station is ods A and B as shown in FIG. € andFIG 7 The bSe 
ETJi 0 V f eCBt " r M initia ^ izati0,, Procedure at station maintains the two variables QA and QB as de- 
block 120 and sets a set of internal parameters. Then, it scribed in detail below. As shown in FIG. 6, the base 
obtains synchronization with the base station and starts 60 station maintains a variable QA at block 159 which 
fastening to the header messages of a frame. represents the total number of "outbound waiting pack- 
Jt JZ a J""* » remote station, S, re- ets" to be sent in the A period. For each new outbound 
£T?^ tF?£ ? ? w l0Ck 1U . and , ertracts messa 8 e ««««ved for transmission at block 160 by 
• w 8 ^ • ^ P*" 04 11 8 ^ for dura - base s^tion, QA is incremented at block 161 by the 
tion TA. It receives all packets broadcast by the base 65 number of packets required to transmit the associated 
station that are addressed to it. At block 122, the base buffer. For each packet transmitted in the A period* 
station transmits to the remote stations in a reservation block 162, QA is decremented by one at block 164 if the 
mode. — ■ *■ " 



packet is successfully received by the remote station at 
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block 163 (i.e., an acknowledgment is received). If the 
packet is not received successfully at block 163, the 
logic progression returns to block 160, as is the case 
following QA being decremented by one at block 164. 

As shown in FIG. 7, the base station maintains a 5 
variable QB at block 169 which represents the total 
number of 'Inbound waiting packets" to be received by 
the base station from the remote stations in the B period. 
For each slot allocation request received from a remote 
station at block 170, QB is incremented by the number 10 
of required slots at block 171. For each packet that is 
transmitted in the B period at block 172, QB is decre- 
mented by one at block 174, if the packet is successfully 
received by the base station as determined at block 173 
(i.e., an acknowledgment is received); Otherwise (e.g., 
if a packet is lost, that is, it is not received successfully, 
due to radio interference) QB is not changed* Following 
either event, a return is made to block 170. 

The movable boundary method has two parameters ^ 
that are chosen by the user: TB_MIN and TC-MIN. 
These values can be fixed at some nominal values or 
they can be varied with time as the characteristics of the 
traffic change. TB_ MIN is defined to be the minimum 
length of the B period when there is at least TB— MIN 2 $ 
traffic waiting to be received in the B period. That is, a 
minimum bandwidth is preserved for the inbound traf- 
fic. The number of slots in the C period is lower 
bounded by the value TC— MIN. These values are 
chosen such that TB_MIN + TC-MIN/R <TF. 30 

At the end of each frame (or equivalency at the be- 
ginning of a frame), TA, TB and TC are set according 
to the following strategy, shown in FIG. 8. The base 
station identifies the regime in which the variables (QA, 
QB) lies according to the formulas at blocks 150, 151, 35 
and 153 and computes TA, TB, and TC according to 
the formulas at blocks 152, 156, 155, and 154. In the 
absence of traffic (i.e., QA and QB are equal to zero), 
the frame contains an empty A period, an empty B 
period and a C period with TC=RxTF. This situations 40 
occurs when the base station starts broadcasting just 
after initialization. 

To illustrate how the proposed invention reacts rap- 
idly to traffic changes, consider the following example. 
Assume that there is "background" stationary traffic 45 
such that the base station receives 4 new outbound 
packets QA for each frame and a global request to re- 
ceive 4 new inbound packets QB. Further, assume that 
at time i an outbound traffic peak of 16 extra packets is 
received by the base station. Later on, at time j, an 50 
inbound traffic peak of 16 extra packets is received by 
the base station. Finally at time k, a combination of 
inbound and outbound traffic peaks is received by the 
base station. Table 1 shows how the three period sizes 55 
vary with time assuming the following parameter val- 
ues: TF=16, TB_MIN=2, and TC_MIN=4. For 
simplicity of illustration, it is assumed that R— 1 in this 
example. 

The outbound traffic peak is absorbed in 4 frames, the $3 
inbound traffic peak is absorbed in 4 frames and their 
combination is absorbed in 8 frames. Some techniques in 
the prior art rely on fixed size periods and do not allow 
the absorption of the traffic peak so quickly. For in- 
stance, if TA and TB are kept fixed at 6 slots, then the 65 
time required to absorb the inbound or outbound traffic 
peak is 8 frames (twice as. long as for the movable 
boundary method). 
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Estimation Method for the Number of Active Remote 
Stations 

Using feedback information from the remote stations 
(Le,, the retry bit), an adaptive algorithm running at the 
base station is used to adjust the estimate of the number 
of remote stations, K, that are attempting to transmit 
(Le., are active) during the C period. This parameter is 
used by the base station to determine the probability of 
transmission, p, according to the formula K= 1/p. This 
choice for p can be shown to maximize throughput in a 
slotted Aloha system. As was described in the protocol 
system description, the probability p is used by the 
remote stations in their stochastic decision to transmit 
or not in a given mini-slot of the C period. 

The key attributes of this method are as follows 

The method is centralized at the base station. Most 
previously disclosed algorithms use backoff strategies in 
which a distributed algorithm is run at each of the re- 
mote stations. 

The method uses two pieces of information to esti- 
mate K, 

1. A measurement of the probability of successful 
transmission in a C slot. Specifically, in a frame, the 
ratio of the number of C slots in which a successful 
tra nsmi s si on occurs to the total number of C slots is 
computed. 

2. A measurement of the probability that a remote 
station succeeds on its first attempt in a C slot given 
that it has succeeded. This is the ratio of the C slots 
in which a remote succeeds for the first time to the 
total number of C slots in which successful trans- 
missions occur in the frame. The fact that the suc- 
cess was the first try of a remote station is commu- 
nicated by a retry bit in the header of the packet 
that is sent from the remote to the base station. 

A smoothing filter is used because of the highly vary- 
ing nature of the above two measurements. 

The estimate of K is updated infrequently using the 
same time constant as the smoothing filter. 
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When the base station detects that many received provide a new smoothed estimate at the end of the 

packets teve been retried, it increases the estimated current frame time given the last smoothed estimate at 

value of K (i e., decreases tiie p value used by the re- the end of the previous frame time and the curr^n 

mote stations) to decrease the number of collisions and measurement: 
hence increase the throughput Alternatively, when the 5 

base station sees that only a small fraction of the packets pshat = ( l -alpha) x pshat + alpha x p- 

have been retried, it decreases the value of K (i.e., in- smeas 
creases the p value) to decrease the number of idles (i.e., 

slots in which no remote station attempts to transmit) pfhat= (l -alpha) x pfhat + alpha x p- 

and hence increase the throughput In the described 10 FMEAS 

estimation algorithm, the base station increases or de- DCUAT , nt7UAT _ _ ^ . 

creases the estimate of K by powers of 2 and h respec- PFHAT are the filtered estimates of the 

tively. probability of success and first success, respectively. 

Performance analyses have shown that using the set Wben ^ oase station ^ initialized, the values of 
of five K values: 2, 4, 8, 16, and 32 (equivalently, five p 15 PSI ? AT PFHAT are initialized to zero, 

values corresponding to the reciprocals of the listed K Simulation results indicate that a value of AL- 

values), results in little loss of performance when the PHA=J yields adequate smoothing properties. This 

number of the remote stations is less than about 45. The value of ALPHA corresponds to a filter time constant 

technique can, of course, be extended to situations in of rrame times. Other filtering techniques are possi- 
which there are a larger number of remote stations than 20 D * e deluding sliding windows methods. An advantage 

45 by using larger powers of two (Le., 64, 128, etc.). The °f the filtering equations shown above is that they give 

motivation for using powers of two is that such p values more weight to recent measurements than older ones 

can be easily implemented at the remote stations using a whereas simple sliding window techniques treat all data 

simple Bernoulli random variable generator that is de- in the window with equal weight, 
scribed later. 25 Since the required filter introduces an effective lag of 

The K estimation method of FIG. 9 must determine about 8 time frames, the estimate of K should only be 
which value of p to use: J, J, i, 1/16, or 1/32. An index, updated this often. The parameter TIMEL denotes the 
I, is used to identify which value of p=l/K is being period of the K parameter updates in units of time 
used. Thus, I takes on values 1, . . . , 5, where p=(^ and frames. A good choice for TIMEL is 1 /ALPHA or 
K=2'. This estimation method is executed in the base 30 TIMEL =8 time frames for the proposed choice of 
"^SSL 8 ^ Cn ? ° f frame 88 is Sh0wn at block 108 ALPHA. Thus, the value of p= 1/K is kept constant for 
of FIG. 4. At the beginning of the C period, the base 8 time frames during which new information is gathered 
St S22!to tW0 ^ zero, a NSUC counter and for making the next estimate. If the value of TIMEL is 
a NFRSTS counter The NSUC counter is incremented chosen to be much smaller than 1/ALPHA, very oscil- 
by one for each C slot that results m a successful recep- 35 i at0 ry behavior can result. This infrequent update pro- 
ton ofa packet by the base stetion. Similarly the cedure is implemented in blocks 205, 206 and 207. 
tiJ^^^^t^ 1111 1S mcremented by one for c&ch ^ 5** the base station is initialized, the fvBmTcoum^J is 
thatresultsmas^ ^ TtaSSte Tl* 
a retry bit is set to zero. That is, the packet header atex i a . JY\ • T* Ior ™f nrsi 11 
includes a control bit called the retry bit that is zSo if 40 S th^^T^ 1 Cb "* B * bUt * 
thepacketisbemgsentforthen^ttimeandisoneifthe ^ft^^ 

packet has been retried one or more times. Thus, 1 V ^ e * m block m ^ 
NFRSTS is the number of first packet transnussio^ in T* * I J» Wock 208 is 
that are successful in a given C period. These two pieces ? ^^^ 10 ^ e '!i he values oftne toc- 
of information along with the length of the C period, 45 ^™*™*P' «** PFDWN ® shown 
TC, are used to compute two probability measures: l) m , ! . . 7\ hen base sMoa * initialized, the value 
the probability of success, PSMEAS, and 2) the proba- of * B 1111 , ly to one corresponding to an initial K 
bility of first success, PFMEAS. As shown in block 200, vdu ? of 2 88 shown in block m 
PSMEAS and PFMEAS are computed. At block 201, a Glven a . certain value of I has been used in the 
determination is made if NSUC is greater than zero. If 50 past> ^ K estimation method uses the current esti- 
so, in block 202, PSMEAS is computed according to mates > PSHAT and PFHAT, to determine whether to 
the equation, PSMEAS = NSUC/TC It is assumed that ^ I_ l » If or 1+ 1 for the next group of TIMEL frames 
TC>0, but PSMEAS could be set to 0 if TC=0. Fur- according to the procedure of FIG. 10. If PSHAT ^P- 
ther in block 202, PFMEAS is computed by the equa- SMIN(I) at block 210, then no action is taken meaning 
tion, PFMEAS = NFRSTS/NSUC. If NSUC is zero at 55 ***** ^ current I value continues to be used. If PSHA- 
the end of the frame, then PFMEAS is set to zero. This T<PSMIN(I), then three possible situations occur de- 
decision to set PFMEAS to zero corresponds to an pending on the value of PFHAT: 
assumption of many remote stations rather than none in 1- If PFHAT<PFUP(I) at block 211, then the value 
a situation where NSUC=0. If NSUC is not greater of I is increased by 1 at block 213 corresponding to 
than zero, as tested at block 201, then PSMEA8 and 60 a doubling of K. 

PFMEAS are each set equal to zero in block 203. 2. If PFUP(I) ^ PFHAT ^ PFDWN(I) at block 212, 

It has been observed that the measured values, then the value of I is not changed, and a return is 

PSMEAS and PFMEAS, vary greatly from frame to made to block 210. 

frame even when the number of active remote stations 3. If PFDWN(I)< PFHAT in block 212, then the 

is constant This variation requires the use of the 65 value of I is decreased by 1 in block 214, corre- 

smoothing filter in block 204 to generate more reliable sponding to a halving of K. 

measurements of the probability of success and first Analytic results have been used to compute the func- 

success. The following recursive filtering equations tion values shown in Table 2. These results are based on 
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the analysis of a slotted Aloha system with a constant probability p and 0 otherwise. The invented schemes 
number of active remote stations. achieve their computational simplicity by restricting the 

TABLE 2 values of p to certain discrete values. A stream of ran- 

dom bits are generated in which the values 0 and 1 
appear with equal probability. There are several known 
ways to approximately generate such a stream of ran- 
dom bits. In the approach of this invention, as shown in 
FIG. 11, a shift register 301 with a linear feedback 
mechanism is used (see block 301 of FIG. 11). During 
each clock cycle of the shift register, the binary sum of 
the indicated register bits is computed as shown by the 
Note that PFDWN(I) has been set to one to indicate summation points 300 and shifted into the register 301 as 
that I cannot be decreased below one, which corre- indicated by the arrows. The bits in the various posi- 
sponds to K=2. Further, PFUP(5) has been set to zero tions of the shift register are readable for use as an ad- 
since I cannot be increased beyond 5, which corre- 15 dress in the look-up table 302. 

spends to K=32. In this example, the taps on the shift register corre- 

The basic rule that is embedded in the estimation spond to the use of a primitive polynomial that achieves 
method is to use a large K corresponding to a small p in a maximal length sequence from the shift register. In the 
situations where the estimator has Uttle reliable informa- example shown in FIG. 12, the polynomial, y8+y4+ y 3- 
tkm. sample, if NSUC is zero for several frames 20 +y2+y+1 is used. In this case, the shift register se- 
this could be due to two situations: 1) there are no active quen ce does not repeat for 2«- 1 or 255 clock cycles, 
remote stations, or 2) there : are many active remote Longer shift register lengths may be used to generate 
stations, but they are aU cording due to the use of too lo length sequences. When the shift register is ini- 

* P ^ SmCC *v eS ^ tl0n v metho 1- T „ tialLd, at least one non-zero value must be loaded into 
NFRSTS equal to zero in this situation, it is imphciUy 25 f <> ™ 

assuming that case 2 is the cause of NSUC being zero. e ;„*„i*L~™„i„ 1 ~7 

This is the preferred behavior, since it is better to over- ™* "J*" f * erat PS "f 

estimate rather than underestimate the number of active ^ Ce of ^ d °^ b ^ ^f 5 *? of 

remote stations. Similarly, if there are many errors due T . ^ be ai1is ^ d * value * at 15 <k"ved 

to the radio media, the K estimation method will tend to 30 * J^/*"*^ ld f^ catl0n te S ( e -S-» 

overestimate the number of active remote stations. 48 ± rt MAC 1 address ****** the mEE 802 standards). 

Again, given the lack of information, this is the pre- Two mechamsms ^ ^ ^ aforementioned ran- 

ferred behavior. dom bit stream f or generating Bernoulli random vari- 

A brief explanation of the procedure for obtaining the ables are described. In the first mechanism of FIG. 11 

values listed in Table 2 is provided. In a slotted Aloha 35 302 1 bits from shift register 301 and can 

system, it can be shown that the probability of a success- thus generate Bernoulli random variables for p= j/2', 

ful transmission occurring in a slot, PS, is given by where j = l, 2, . . . , 2'— 1. For example with i=5, the 

PS(K,p)=KXp(l — p)^" 1 ). This value and hence look-up table method can generate Bernoulli random 

throughput can be maximized by using a value of variables for p=l/32, 2/32, . . . , 31/32. An example is 

p= 1/K for each K value. Recall that in the method of 40 ^own for generating the transmit signal for a p value of 

the invention, p takes on one of the following five val- 5/32 » which is indicated at signal line 303. In the table in 

ues: i, 1, J, 1/16, or 1/32, where each value corresponds block the five-bit address value is determined by 

to a different I value. To compute when to switch from toe fi ve binary signals Xi, X* X3, X4, and Xs that are 

one p value to the next, the equation for PS is used to obtained from the shift register 301. For each address 

find the values of K that yield equal values of PS for 45 value, the stored binary value that is used to generate 

different adjacent values of p. For the five p values & e signal on line 303 is shown. Only five of the 32 

shown, these intersection points occur at K values of equally-likely addresses are set to one to generate the 

2.71, 5.50, 1 1.05, and 22.14. Thus, if the number of sta- transmit signal for a p value of 5/32. Note that the shift 

tions is between 6 and 1 1, a p value of | should be used register 301 must be shifted by i bits for each Bernoulli 

to maximize PS whereas if the number of stations is 50 random variable that is generated. Even greater compu- 

between 12 and 22, a p value of 1/16 should be used. tational simplicity can be achieved with a smaller set of 

These intersection points occur at Kint- P values as shown in the following mechanism. 

(I)=ln(J)/ln((l-(jy)/(l-(J)( /+1 )))+l between the In the second mechanism of FIG. 12, a Bernoulli 

curves for p=(i) / and p— The value of PS at random variable is generated for p=(J) m with integer 

these intersection points is used to compute PSMIN(I) 55 m, by using a logical AND operation such as gate 352 

in Table 2 where PSMIN(I)=PS(Kint(I), (iV). on m bits from the random bit stream. For the case that 

To compute the PFUP and PFDWN values in Table was considered in the K estimation method, m values of 

2, compute the probability of a first success, PF, given 1, 2, 3, 4, and 5 were used. Thus, for each C period slot, 

that a success has occurred, which is given by the shift register needs to be clocked by m bits (up to 

PF.((K,p),=(l-p)( JC - 1 ) for a slotted Aloha system. 60 five). 

Using this equation, it is found that PFUP(I)=PF- Having thus described our invention, what we claim 

(KinttT), (bY) for 1= 1, 2, 3 and 4. Further, as new and desire to secure by Letters Patent, is: 

PFD WN(I) = PF(Kint(I — 1), (iV) for 1=2, 3, 4 and 5. 1. In a digital data radio communication system, the 

Bernoulli Random . Variable Generator ^ com ^ ma ^ on comprising. 

65 a plurality of remote stations, each of which includes 

Computationally efficient mechanisms are described a transceiver, 

below for generating Bernoulli random variables given a base station having a transceiver for radio commu- 

a value of p. A Bernoulli random variable is 1 with nications with the transceivers of each of said plu- 
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rality of remote stations, said base station includ- 
ing: 

means for defining a plurality of frames during which 
messages and data are transmitted, each of said 
plurality of frames being divided into three inter- 
vals, the first interval for transmission from said 
base station to said plurality of remote stations, the 
second interval for contention free transmission 
from said plurality of remote stations to said base 
station, and the third interval for contention access 
by said plurality of said remote stations for trans- 
mission to said base station; and 

means for including control indicia in a transmission 
from said base station to a given remote station that 



16 



mined threshold or transmission time for the mes- 
sage traffic load on the second interval, and 
means for insuring that the first interval transmission 
time has a priority in being able to reduce the sec- 
5 ond interval transmission time within each frame 
that exceeds said minimum of a predetermined 
threshold. 

12. The combination claimed in claim 9, wherein each 
of the three intervals are divided into slots, where the 
10 slot sizes in the first and second intervals are equal in 
size and are referred to as regular sized slots and each 
accommodates one wireless data packet, and the slots in 
the third interval are mini-slots which are smaller by a 
predetermined factor than the slots in the first and sec- 



vindicative of the probability of said given remote 15 on d interval, with each such mini-slot accommodating 

Station eainin? access durtna said third interval , . uvwuuiiuuamj 6 



station gaining access during said third interval 
2. The combination claimed in claim 1, wherein said 
third interval is divided into a plurality of sub-intervals 
in each of which a remote station may contend for 



one control packet 

13. The combination claimed in claim 12, wherein the 
number of slots in the first, second and third intervals 
are TA, TB and TC, respectively, and said predeter- 



control indicia includes the probability of a remote 
station gaining access in a given sub-interval of said 
third interval. 

3. The combination claimed in claim 2, including: 
means for providing an indication in a transmission 25 

from a remote station to said base station of 
whether or not a given transmission of data is a 
retransmission. 

4. The combination claimed in claim 3, including: 

means for computing said control indicia as a func- 30 combination~comprising: 



tive to the mini-slots, with this ratio being referred to as 
R:l. 

14. The combination claimed in claim 13, including: 
means for computing TA, TB and TC for a fixed 

frame size TF, according to the constraint: 

TF^TA+TB+TC/R. 

15. In a digital data radio communications system the 



tion of said indication in a transmission from each 
of said remote stations in a given frame. 

5. The combination claimed in claim 4, wherein said 
control indicia is recomputed from one frame to the 
next. 35 

6. The combination claimed in claim 1, including 
means for changing said control indicia from one frame 
to the next as a function of an estimate of the number of 
remote stations contending for access. 

7. The combination claimed in claim 6, wherein said 40 
third interval is divided into a plurality of sub-intervals 

in each of which a remote station may transmit to said 
base station, and wherein said means for changing said 
control indicia includes: 
means for computing said control indicia as a func- 45 
tioh of the ratio of the number of sub-intervals in 
which a successful transmission from a remote 
station to the base station occurs relative to the 
total number of sub-intervals. 

8. The combination claimed in claim 7, wherein said 50 
means for changing said control indicia includes: 

means for computing said control indicia as a func- 
tion of the ratio of the number of sub-intervals in 
which a remote station succeeds on its first attempt 
to transmit to the base station relative to the total 55 
number of remote stations that succeeded in an 
attempt to transmit to the base station within said 
frame. 

9. The combination claimed in claim 6, wherein each 
of said frames are of a fixed length, including means for 60 
varying the duration of each of said three intervals as a 
function of the message traffic load of the system. 

10. The combination claimed in claim 9, including: 
means for insuring that said third interval has a prede- 
termined minimum duration. 65 

11. The combination claimed in claim 10, including: 
means for insuring that the second interval transmis- 
sion time is greater than a minimum of a predeter- 



a plurality of remote stations, each of which includes 

a transceiver; 
a base station having a transceiver for radio commu- 
nications with the transceivers of each of said plu- 
rality of remote stations, said base station includ- 
ing: 

means for defining a plurality of frames of fixed frame 
length, each of said frames being divided into three 
periods A, B and C with each period being divided 
into slots, including headers, with the slot sizes in 
the A and B periods being equal in size and being 
referred to as regular sized slots, and each accom- 
modating one wireless data packet, with the slots in 
the C period being mini-slots which are smaller by 
a predetermined factor than the slots in the A and 
B periods, with each such mini-slot accommodat- 
ing one wireless control packet, with the A period 
being for communications from said base station to 
said plurality of remote stations, the B period being 
for allocated communications from said plurality of 
remote stations to said base station, and the C per- 
iod being for access by contention for communica- 
tions from said remote stations to said base station; 

means for varying each of the A, B and C periods as 
a function of message traffic load on the system; 
and 

means for including control indicia in at least one of 
the A, B and C periods that is indicative of the 
probability of a remote station gaining access for 
communication to said base station in the C period, 
including means for changing said control indicia 
from one frame to the next as a function of an 
estimate of the number of remote stations contend- 
ing for access. 
16. The combination claimed in claim 15, wherein 
said control indicia includes the probability of a remote 
station gaining access in a given mini-slot in the C per- 
iod. 
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17. The combination claimed in claim 16, including: in each of which a remote station may contend for 
means for providing an indication in a transmission access to transmit to said base station, and wherein said 

from a remote station to said base station of control indicia includes the probability of a remote 

whether or not a given transmission of data is a ^ton gaining m a gi ven ^interval of said 

retransmission. 5 third interval. 

18. The combination claimed inclaiir 1 17, including: ^ ^ method claimed fa claim % indud . ^ 
means for computing said control indicia as a funo step f . 5 

tion of said indication in a transmission from each J™^;™ Q „ • . n _ . . c 

of said remote stations in a given frame. providing an indication in a transition from a re- 

19. The combination claimed in claim 15, including: in m °? e StaGon to . ^ d ^ statI0n of whether or not 
means for computing said control indicia as a rune- a glven transmission of data is a retransmission. 

tion of the ratio of mini-slots in which a successful ^ ^ method claimed in claim 27, including the 

transmission from a remote station relative to the ste P 

base station occurs relative to the total number of computing said control indicia as a function of said 

mini-slots. I 5 indication in a transmission from each of said re- 

20. The combination claimed in claim 19, including: mote stations in a given frame. 

means for computing said control indicia as a rune- 29. The method claimed in claim 28, wherein said 

tion of the ratio of the number of mini-slots in control indicia is recomputed from one frame to the 

which a remote station succeeds on its first attempt next 

to transmit to the base station relative to the total 2 o 30 * The me thod claimed in claim 25, including the 

number of remote stations that succeed in an at- step of: 

tempt to transmit to the base station within said changing said control indicia from one frame to the 

frame. next as a function of an estimate of the number of 

21. The combination claimed in claim 20, including: remote stations contending for access. 

means for insuring that said C period has a predeter- 25 31. The method claimed in claim 30, wherein said 

mined minimal duration. third interval is divided into a plurality of sub-intervals 

22. The combination claimed in claim 21, including: m eac h of which a remote station may transmit to said 
means for insuring that said B period transmission base station, wherein said step of changing said control 

time is greater than a minimum of a predetermined mdicia mc i udes the step of 

^ . . " f";, u ' . . _ . . ratio of the number of sub-intervals in which a 

means for ins urine that said a period transmission *?. . A . . . „ * 

time has priority in being able to re£HK?B S^*™^ 

period triismission time within each frame that b *f. ^ 0ccurs rdative t0 total number of 

exceeds said minimum of a predetermined thresh- . . * intervals. 

0 j d 35 32. The method claimed in claim 31, wherein said 

23. The combination claimed in claim 20, wherein the ste P of chan S in g said control indicia includes the step 
number of slots in periods A, B and C are TA, TB and of: 

TC, respectively, and said predetermined factor is the computing said control mdicia as a function of the 

ratio of the regular sized slots relative to the mini-slots, ratio °f tn p number of sub-intervals in which a 

with this ratio being referred to as R: 1 . 40 remote station succeeds on its first attempt to trans- 

24. The combination claimed in claim 23, including: nift to me base station relative to the total number 
means for computing TA, TB and TC for a fixed of remote stations that succeed in an attempt to 

frame size TF, according to the constraint: transmit to the base station within said frame. 

33. The method of claim 32, wherein each of said 

TF= TA+TB+ TC/R. 45 f rames ^ Q f a fixed length, including the step of: 

varying the duration of each of said three intervals as 

25. A method of operating a digital data radio com- a function of the message traffic load of the system, 
munication system which mciudes a plurality of remote 34. method claimed m claim 33 mc i udmg ^ 
stations, each of which mciudes a transceiver, and a ste p 0 f. 

!?* ^w^ 6 3 t ? ansce V Ver f f ^?/^™»: 50 ^u^S that said third interval has a predetermined 

tions with the transceivers of each of said plurality of minimum duration. F 

remote stations, said method comprising the steps of: * e -n. .« , , . , . . . . , 

, r- , ... - - M K . r , \ . 35. The method claimed m claim 34, including the 

defining a plurality of frames, at said base station, gt ^ "^'"^s mt 

during which messages and data are transmitted, . A , . , . , ... 

each of said plurality of frames being divided into 55 msunn S me sec ? nd transmission time is 

three intervals, the first interval for transmission ^' eater ***** a minimum of a predetermined thresh- 

from said base station to said plurality of remote old or ^ transmission time for the message traffic 

stations, the second interval for contention free . lo ^ on SGCOad interval; and 

transmission from said plurality of remote stations insuring that the first interval transmission time has 

to said base station, and the third interval for con- 60 priority in being able to reduce said second interval 

tention access by said plurality of remote stations transmission time within each frame that exceed 

for transmission to said base station; and said minimum of a predetermined threshold, 

including control indicia in a transmission from said 36. The method of claim 33, wherein each of the three 

base station to a given remote station that is indica- intervals are divided into slots, where the slot sizes in 

tive of the probability of said given remote station 65 the first and second intervals are equal and are referred 

gaining access during said third interval. to as regular sized slots, and each accommodates one 

26. The method claimed in claim 25, wherein said wireless data packet, and the slots in the third interval 
third interval is divided into a plurality of sub-intervals are mini-slots which are smaller by a predetermined 
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factor than the slots in the first and second interval, with sion from a remote station to the base station oc- 

each such mini-slot accommodating one control packet curs relative to the total number of mini-slots. 

37. The method claimed in claim 36, wherein the 44. The method claimed in claim 43, including the 
number of slots in the first, second and third intervals step of: 

are TA, TB and TC, respectively, and said predeter- 5 computing said control indicia as a function of the 

mined factor is the ratio of the regular sized slots rela- ratio of the number of mini-slots in which a remote 

tive to the mini-slots, with this ratio being referred to as station succeeds on its first attempt to transmit to 

R: l; the base station relative to the total number of 

38. The method claimed m claim 37, including the remote stations that succeed in an attempt to trans- 
ste P of: 10 mit to the base station within said frame. 

computing TA,TB and TC for a fixed frame size TF, 45. The method claimed in claim 44, wherein the 

according to the constraint: number of slots in periods A, B and C are TA, TB and 

TF-Ts-LTJtM-rr/p TC » respectively, and said predetermined factor is the 

+ + '** ratio of ^ regular sizefi £ 0XS relative to tog njinj.sio^ 

. .m * m ^ . - . „ with the ratio being referred to as R:l. 

39. A method of operating a digital data radio com- 46. The method claimed in claim 45, including the 
munications system which mcludes a plurality of re- step of . ' mg me 

rhlt!^^n SS ° f W ^ Ch mdud 7 a fr™ 1 w - and computing TA, TB and TC for a fixed frame size TF, 

a base station having a transceiver for radio communi- according to the constraint: 

cations with the transceivers of each of said plurality of 20 0 

remote stations, said method comprising the steps of: tf~ ta+ tb+ tc/r. 
defining a plurality of frames, at said base station, of 

fixed frame length, each of said frames being di- 47. The method claimed in claim 45, including the 

vided into three periods A, B and C with each step of: 

period being divided into slots, including headers, 25 insuring that said C period has a predetermined mini- 

with the slot sizes in the A and B periods being mal duration. 

equal in size and being referred to as regular sized 48. The method claimed in claim 39, including the 

slots, and each accommodating one wireless data steps of: 

packet, with the slots in the C period being mini- insuring that said B period transmission time is 
slots which are smaller by a predetermined factor 30 greater than a minimum of a predetermined thresh- 
than the slots in the A and B periods, with each old or the transmission time for the message traffic 
such mini-slot accommodating one wireless control load on said B period; and 
packet, with the A period being for communica- insuring that said A period transmission time has 
tions from said base station to said plurality of priority in being able to reduce said B period trans- 
remote stations, the B period being for allocated 0 mission time within each frame that exceeds said 
communications from said plurality of remote sta- minimum 0 f a predetermined threshold, 
tions to said base station, and the C period being for 49. In a digital data radio communications system the 
access by contention for communications from said combination comprising: 

remote stations to said base station; a plurality of remote stations, each of which includes 

varying the duration of each of the A, B and C peri- a transceiver, 

ods as a function of message traffic load on the a base station having a transceiver for radio commu- 

system; and nications with the transceivers of each of said plu- 

uicluding control indicia in one of the A, B and C rality of remote stations, said base station including 

periods that is indicative of the probability of a 45 means for defining a plurality of frames during 

remote station gaining access for communication to which information is transmitted between said plu- 

said base station in the C period, including means rality of remote stations and said base station, with 

for changing said control indicia from one frame to a portion of each frame being allocated for conten- 

the next as a function of the number of remote tion access by said plurality of remote stations for 

stations contending for access. 50 transmission to said base station; 

40. The method claimed in claim 39, wherein said means for providing an estimation of the number of 
control indicia mcludes the probability of a transmission remote stations that attempt to transmit based on 
by a remote station gaining access in a given mini-slot in feedback information in transmissions from remote 
the C period. stations in at least a previous frame; and 

41. The method claimed in claim 40, including the 55 means for a remote station to determine whether to 
stepofc transmit in a given frame as a function of said esti- 

providing an indication in a transmission from a re- mation. 

mote station to said base station of whether or not 50. In a digital data radio communications system the 

a given transmission of data is a retransmission. combination comprising: 

42. The method claimed in claim 41, including the 60 a plurality of remote stations, each of which includes 
step of: a transceiver, 

computing said control indicia as a function of said a base station having a transceiver for radio commu- 

lndication in a transmission from each of said re- mcations with the transceivers of each of said plu- 

mote stations in a given frame. rality of remote stations, said base station including 

43. The method claimed in claim 42, including the 65 means for defining a plurality of frames during 
of: . which information is transmitted between said plu- 

computing said control indicia as a function of the rality of remote stations and said base station with 

ratio of mini-slots in which a successful transmis- a portion of each frame being allocated for conten- 
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tion access by said plurality of remote stations for 
transmission to said base station; 

means for providing an indication in a transmission of 
information from a remote station to said base sta- 
tion of whether or not there has been a previous 
attempt to transmit this information; 

means for providing an estimation of the number of 
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remote stations that attempt to transmit based on 
said indication in transmissions from remote sta- 
tions in at least a previous frame; and 
means for a remote station to determine whether to 
transmit in a given frame as a function of said esti- 
mation. 
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